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a  b  s  t  r  a  c  t

Far  northern  California  forests  are highly  biodiverse  in  wildlife  reservoirs  and  arthropod  vectors  that
may  propagate  rickettsial  pathogens  in nature.  The  proximity  of  small  rural  communities  to  these  forests
puts  people  and  domestic  animals  at risk  of vector-borne  infection  due  to  spillover  from  wildlife.  The
current  study  was  conducted  to  document  exposure  to rickettsial  pathogens  in  people  and  domestic
animals  in  a rural  community,  and  identify  which  rickettsiae  are  present  in sylvatic  and  peri-domestic
environments  near  this  community.  Blood  samples  from  people,  domestic  animals  (dogs,  cats,  and  horses)
and  wild  carnivores  were  tested  for  Rickettsia  spp. antibodies  and  DNA (people and  domestic  animals
only)  by  serology  and  real  time  (RT)-PCR,  respectively.  Ectoparasites  were  collected  from  dogs,  wild
carnivores  and  from  vegetation  by  flagging,  and  tested  for Rickettsia  spp.  DNA  by  RT-PCR.  DNA  sequencing
of  the  rickettsial  17  kDa  protein  gene  or the  ompA  gene  was  used  for species  identification.  Despite  a
seroprevalence  of  3%  in  people,  42%  in  dogs,  79%  in  cats,  33%  in  gray  foxes,  and  83%  in bobcats,  RT-PCR
on  blood  was  consistently  negative,  likely  because  the sensitivity  of this  test  is  low,  as  Rickettsia  spp.
do  not  often  circulate  in  high  numbers  in the  blood.  Rickettsia  spp.  DNA  was  found  in four  flea  species
collected  from  bobcats  and Ctenocephalides  felis  collected  from  domestic  dogs.  All amplicons  sequenced
from  fleas  were  R. felis.  Ixodes  pacificus  collected  by flagging  were  commonly  infected  with  a  Rickettsia  sp.
endosymbiont.  Rickettsia  rhipicephali  DNA  was  found  in Dermacentor  variabilis  from  dogs,  black  bears,  a
gray fox,  and  a D. occidentalis  collected  by  flagging.  Dermacentor  variabilis  from  dogs  and  black  bears  also
contained  R.  montanensis  DNA.  Multiple  Rickettsia  spp.  (including  species  with  zoonotic  and  pathogenic

potential)  were  found  among  human  biting arthropod  vectors  of both  wild  and  domestic  carnivores  and
on  flags.  Knowledge  of the  diversity  of  Rickettsia  spp.  that  are  present  within  arthropod  vectors  to which
people  and domestic  animals  are  exposed  is an  essential  first  step  is making  an  accurate  diagnosis  and  in
better  understanding  the  epidemiology  of these  potential  pathogens.  Within-host  and  vector  interaction
among  these  species  may  play  a role in  spillover  into  human  and domestic  animals.

© 2017  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Rickettsiae are obligately intracellular, pleomorphic bacteria
Please cite this article in press as: Stephenson, N., et al., Diversity o
Tick-borne Dis. (2017), http://dx.doi.org/10.1016/j.ttbdis.2017.02.014

hat can cause disease in humans and other animals (Parola et al.,
005). These organisms can be transmitted by arthropod vectors
e.g. fleas, ticks, mites, and lice) to their mammal  hosts. Various clas-

∗ Corresponding author.
E-mail address: nstephenson@ucdavis.edu (N. Stephenson).

ttp://dx.doi.org/10.1016/j.ttbdis.2017.02.014
877-959X/© 2017 Elsevier GmbH. All rights reserved.
sifications have been proposed, but recently rickettsiae have been
organized into four groups: the pathogenic spotted fever group
(SFG) and typhus group, and the non-pathogenic Rickettsia bellii
group and Rickettsia canadensis group (Merhej and Raoult, 2011).
Multiple species of SFG rickettsiae are found in California, includ-
ing R. rickettsii (the causative agent of Rocky Mountain spotted
fever), R. philippi, R. rhipicephali, R. felis and R. typhi (Parola et al.,
f rickettsiae in a rural community in northern California. Ticks

2005). Rickettsial infections can be fatal (even in otherwise healthy
individuals), despite the availability of effective treatment, due to

dx.doi.org/10.1016/j.ttbdis.2017.02.014
dx.doi.org/10.1016/j.ttbdis.2017.02.014
http://www.sciencedirect.com/science/journal/1877959X
http://www.elsevier.com/locate/ttbdis
mailto:nstephenson@ucdavis.edu
dx.doi.org/10.1016/j.ttbdis.2017.02.014
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iagnostic challenges and delayed treatment (Bakken et al., 2006;
almer and Azad, 2012).

Despite surveillance and research programs in many states
argeting human cases and to a lesser extent testing of wildlife
nd vectors, numerous aspects of sylvatic cycles of these diseases
emain poorly understood. These cycles comprise a high diversity of
ildlife species and various pathogen strains, thus allowing oppor-

unities for co-infection, and host-generalist and specialist vectors.
he forests of northern California are highly biodiverse, provid-

ng habitat for numerous wildlife and arthropod reservoirs that
aintain sylvatic cycles of rickettsial pathogens. In addition, many

esidents of rural northern California suffer from health disparities
ncluding lower socioeconomic status, being under-served minori-
ies, and having limited access to health care. These same residents

ay  also have high exposure to pathogen vectors through both
ccupation (forestry, agriculture, etc.) and recreation (hunting, fish-

ng, hiking, camping). Early symptoms of vector-borne diseases are
ften mild or nonspecific, and this can lead to delayed, or misdiag-
osis, even in at-risk communities.

We  performed a cross-sectional epidemiologic study to deter-
ine exposure to rickettsial pathogens in people, domestic animals

nd wild carnivores in a rural community. In addition, we tested
rthropod vectors (including human-biting ticks and fleas) col-
ected from domestic dogs and wildlife to determine which
ickettsiae are present in the sylvatic and peri-domestic environ-

ents near this community in Humboldt County, California, and
ould pose a risk to humans and domestic animals. By determining
he presence of and exposure to multiple rickettsiae, we can better
nderstand their impact on human and animal health in this rural
orthern California community and help pave the way for more
ffective surveillance, prevention, control and diagnostic measures.

. Methods

.1. Study area

Humboldt County is a densely forested, mountainous, rural
ounty located in northern California along the coastline. Eleva-
ions range from sea level along the Pacific coast to 1170 m in the
earby mountain ranges. Vegetation in forested areas primarily
onsists of redwood (Sequoia sempervirens), Ponderosa pine (Pinus
onderosa), Douglas fir (Pseudotsuga menziesii), tanoak (Notholitho-
arpus densiflorus), madrone (Arbutus menziesii), Oregon white oak
Quercus garryana), California black oak (Quercus kelloggii), ever-
reen huckleberry (Vaccinium ovatum), tobacco brush (Ceanothus
elutinus), salal (Gaultheria shallon), and poison oak (Toxicodendron
iversilobum). The non-forested areas include residential areas, nat-
ral prairies, large rock outcrops, and costal beaches. Forestry is

 major industry in Humboldt County: Humboldt is the largest
imber-producing county in California, responsible for almost 20%
f all timber production in the state (Laaksonen-Craig et al., 2003).

Humboldt County includes eight Native American reservations
United States Census Bureau, 2010) and several areas are des-
gnated medically underserved including the Arcata, Ferndale,
arberville, Redway, Mckinleyville, and North Coastal service areas

Healthcare Workforce Development Division, 2010). 19.5% of the
opulation of Humboldt County was living below the poverty

evel in 2000 compared to 14.2 statewide and 12.4 nationally
VanArsdale and Barry, 2008). The median household income for
he county was 42,153 in 2010 compare to 61, 489 for California
United States Census Bureau, 2010).
Please cite this article in press as: Stephenson, N., et al., Diversity o
Tick-borne Dis. (2017), http://dx.doi.org/10.1016/j.ttbdis.2017.02.014

.2. Participant recruitment and sampling

Participants and their domestic animals were recruited
hroughout Humboldt County, California by word-of-mouth and
 PRESS
rne Diseases xxx (2017) xxx–xxx

by posting flyers in visible, high-traffic areas. During previous field-
work and interactions with residents of Humboldt County, several
groups of individuals had expressed a concern for their exposure to
ticks and potential tick-borne diseases and an effort was  made to
include them in the study. These groups included forestry workers,
wildlife biologists, college students interested in wildlife research,
and Native Americans living in close proximity to forested areas.
Recruitment events were scheduled to coincide with other commu-
nity activities where participants were also recruited using a script.
After receiving informed consent from participants, basic demo-
graphic information and whole blood samples were collected by
a licensed nurse. In conjunction, veterinarians and veterinary stu-
dents collected blood samples and ectoparasites from participant’s
dogs, cats, and horses as part of no-cost rural area veterinary clinics
offering routine veterinary care and vaccinations. Blood samples
and ectoparasites were collected from wild carnivores and from
vegetation by flagging as part of various other studies. Collected
ectoparasites were stored in 70% ethanol at room temperature.
Blood samples were collected into sterile tubes containing EDTA
and stored at 4 ◦C until plasma was separated and stored at −20 ◦C
until testing. All work was performed under appropriate guidance
and permits from the University of California, Davis Institutional
Review Board, Institutional Animal Care and Use Committee and
the California Department of Fish and Wildlife scientific collection
permits.

2.3. Blood DNA extraction and real time-PCR

DNA was extracted from 100 �l of whole blood using a DNeasy
Blood and Tissue Kit (Qiagen, Valencia, CA) following the blood,
spin-column protocol. A sensitive and specific real time (RT)-PCR
assay for the detection of Rickettsia genus DNA (including both SFG
and typhus group) was performed as described (Stenos et al., 2005)
(Table 1). Samples were considered positive if the threshold cycle
(CT) <40 with a characteristic amplification curve. Three negative
water controls and a sequence-confirmed R. prowazekii positive
control were included in each run.

2.4. Serology

Indirect immunofluorescence assays (IFA) were performed for
antibodies to R. rickettsii on all human and domestic animals and
on wild carnivores when a blood samples was available. Due to
cross-reactivity, positive results are not considered species-specific
(Bakken et al., 2006). Plasma was  diluted in phosphate-buffered
saline (PBS) at 1:64 and applied to commercial slides (VMRD,
Pullman, WA). Slides were incubated at 37 ◦C with moisture for
30 min  and washed three times with PBS. They were then incubated
for 30 min  with fluorescein-labeled, immunoglobulin G heavy and
light chain conjugate (Kirkegaard & Perry Laboratories, Gaithers-
burg, MD)  diluted in PBS at 1:100 for humans and domestic animals.
Wherever possible, we used species-specific secondary antibodies.
For wildlife for which species-specific antibodies were not avail-
able, anti-dog conjugate was  used for gray fox and raccoons, and for
bobcats we  used anti-cat conjugate following the same procedure.
Slides were washed three additional times and counter-stained
with eriochrome black. Positive and negative control serum was
included in each batch. Samples were considered positive if they
had strong fluorescence detected compatible with the morphology
of the antigen on the slide.

2.5. Ectoparasite identification, DNA extraction, and real-time
f rickettsiae in a rural community in northern California. Ticks

PCR

Ticks were identified to species and sex using California taxo-
nomic keys (Furman and Loomis, 1984). DNA was extracted from

dx.doi.org/10.1016/j.ttbdis.2017.02.014
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Table  1
Oligonucleotide primer and probe sequences for PCR assays on ticks and fleas collected from wildlife, domestic animals, and by flagging in Humboldt County, California.

Function Target gene Name Primer sequence 5′ − 3′ PCR type Product
size (bases)

Refs.

Screening Citrate synthase CS-F TCG CAA ATG TTC ACG GTA CTT T Real time-PCR 74 Stenos et al. (2005)
CS-R TCG TGC ATT TCT TTC CAT TGT G –
CS-P TGC AAT AGC AAG AAC CGT AGG

CTG GAT G
Probe

Ticks Rickettsial outer
membrane protein A

R190-70 ATGGCGAATATTTCTCCAAAA Primary PCR 532 Regnery et al. (1991)

R190-602 AGTGCAGCATTCGCTCCCCCT –
Fleas  17 kDa protein gene R17-122 CAGAGTGCTATGAACAAACAAGG Primary PCR 246 (Anderson and

Tzianabos, 1989;
Tzianabos et al., 1989)

R17-500 CTTGCCATTGCCCATCAGGTTG –
TZ-15 TTCTCAATTCGGTAAGGGC Nested PCR

TATTT
ATGT

TTGGC
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TZ-16 ATATTGACCAGTGC
Fleas  17 kDa protein gene 17kD1 GCTCTTGCAACTTCT

17kD2 CATTGTTCGTCAGG

icks using NH4OH as previously described (Foley and Piovia-Scott,
014). Flea identification was performed after body contents were
emoved for DNA extraction. A dorsal incision was made over the
entral tergites with a sterile scalpel (Brigham Young University,
012). The flea body was then incubated overnight in ATL buffer
nd proteinase K (Qiagen) at 55 ◦C, the exoskeleton removed, and
NA was extracted from the remaining digested material using

 DNeasy Blood and Tissue Kit (Qiagen) following manufacturer’s
uidelines. Flea exoskeletons were cleared by incubating in dilute
OH for 24 h, then dehydrated in an ethanol series (75, 85, 95,
nd 100% for 30 min  each), and mounted in Euparal (BioQuip, Ran-
ho Dominguez, California, USA). Fleas were identified to sex and
pecies using western North American taxonomic keys, except
ulex spp. females for which the species cannot be distinguished
orphologically (Stark, 1958; Hubbard, 1958; Lewis et al., 1988).

T-PCR for detection of Rickettsia spp. DNA (as described above)
as performed on all ectoparasites individually except for Ixodes

acificus, which were tested in pools of five to conserve resources
s they are commonly infected by a rickettsial endosymbiont.

.6. Conventional PCR and sequencing

Conventional PCR for amplification of the rickettsial outer
embrane protein A gene (ompA)  gene was performed on all Der-
acentor spp. ticks that were positive by RT-PCR, and five I. pacificus

icks from the pool that had the lowest CTs (Table 1). Primers
190-70 and R190-602 were used for amplification as described
Anstead and Chilton, 2013). Amplification of the 17 kDa protein
ene was performed on the ten Ctenocephalides felis DNA samples
hat were positive by RT-PCR with the lowest CT and all non-C. felis
ea species that were positive by RT-PCR. Amplification was  per-

ormed using either a nested PCR protocol with external primers
17–122 and R17-500 followed by internal primers TZ15 and TZ16
r single round PCR with primers 17kD1 and 17kD2 (Shapiro et al.,
010; Webb et al., 1990a). PCR reactions were performed using
oTaq Green Master Mix  (Promega, Madison, WI,  USA) per manu-

acturer instructions. Each 25 �l reaction contained 1.0 M of each
rimer and 3 �l of template DNA for the first round and 1 �l of the
rst round product for the nested protocol. Thermal cycling con-
itions were as originally described (Anstead and Chilton, 2013;
addock et al., 2008; Shapiro et al., 2010; Stenos et al., 2005; Webb
t al., 1990b). Sequence-confirmed positive and water-containing
egative control reactions were included in each run. Results of
Please cite this article in press as: Stephenson, N., et al., Diversity o
Tick-borne Dis. (2017), http://dx.doi.org/10.1016/j.ttbdis.2017.02.014

CR were assessed by electrophoresis and UV-transillumination of
elStar (Lonza, Rockland, ME,  USA) stained 1% agarose gels. Bands
f the expected size were excised and cleaned with a QIAquick
el extraction kit (Qiagen) per manufacturer instructions. Prod-
C –
T Primary PCR 434 Webb et al. (1990b)
G –

ucts were sequenced in the forward direction in an ABI Prism 3730
Genetic Analyzer (UC DNA Sequencing Facility, Davis, CA, USA).

2.7. Sequence analysis and statistical methods

Sequences were manually trimmed and corrected if the
nucleotide could be unambiguously determined, then aligned using
CLC Main Workbench 6 (CLC bio, Watham, MA,  USA). Sequences
from fleas were compared to R. felis (Acc# CP000053) using BLAST
analysis (GenBank, NCBI, Bethesda, MD,  USA). Sequences from ticks
were aligned using CLC. All unique sequences generated were
submitted to GenBank for accession. Confidence intervals were
calculated by inverting Rao’s score test (Wilson, 1927). An esti-
mate for prevalence of infection in I. pacificus based on pooled
samples was calculated using the PooledInfRate version 4.0 Excel
add-in (Biggerstaff, 2009). CTs from RT-PCR positive C. felis and
non-C. felis fleas were compared using a Kruskal-Wallis rank sum
test to determine if they were significantly different. Correlation
between vector PCR-status and host sero-status was determined by
calculating the phi coefficient. All calculations and analyses were
performed using the software package R (R-Development Core
Team, www.r-project.org).

3. Results

3.1. Vertebrate assay results

Blood samples were collected from 130 people, 163 dogs, 29
cats, 17 horses, 15 gray foxes, six bobcats and one raccoon from
Humboldt County. All blood samples were tested for antibodies to
R. rickettsii: 3% of people (4; 95% CI: 1–8%), 42% of dogs (69; 95% CI:
35–50%), 79% of cats (23; 95% CI: 60–92%), 33% gray foxes (5; 95%
CI: 13–61%), 83% bobcats (5; 95% CI: 36–99%), and no raccoons or
horses (95% CI: 0–95%; 95% CI: 0–20%, respectively) were seropos-
itive by IFA at 1:64. None of the human or domestic animal blood
samples were positive for Rickettsia spp. DNA by RT-PCR; wildlife
blood samples were not tested by RT-PCR.

3.2. Ectoparasites

Ectoparasites collected from dogs included 48 D. variabilis, 52
C. felis, three C. canis, and five Pulex spp. (60 fleas total), while no
ectoparasites were collected from cats or horses (Table 2). Addi-
f rickettsiae in a rural community in northern California. Ticks

tionally, 56 Cediopsylla inaequalis, 17 Orchopeas cascadensis, four
Odontosyllis dentatus and one Pulex spp. were collected from bob-
cats, and 81 Pulex spp. and 38 D. variabilis were collected from
gray foxes. D. variabilis were also collected from black bears (146)

dx.doi.org/10.1016/j.ttbdis.2017.02.014
http://www.r-project.org
http://www.r-project.org
http://www.r-project.org
http://www.r-project.org
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Table 2
Summary of arthropod vectors collected from wildlife and domestic animal hosts
and  by flagging in Humboldt County, California and tested for Rickettsia spp. DNA
by  RT-PCR.

Host Number
positive

Number
tested

Percent
positive

Dog (Canis lupus familiaris)
Ctenocephalides canis 0 3 0
C. felis 20 52 38.5
Pulex spp. 0 5 0
Dermacentor variabilis 5 48 10.4

Bobcat (Lynx rufus)
Cediopsylla inaequalis 3 56 5.3
Odontosyllis dentatus 2 4 50
Orchopeas cascadensis 1 17 5.9
Pulex sp. 1 1 100

Gray Fox (Urocyon cinereoargenteus)
Pulex spp. 0 81 0
D. variabilis 1 38 2.2

Black Bear (Ursus americanus)
D. variabilis 8 146 5.5

Raccoon (Procyon lotor)
D. variabilis 0 3 0

Flag
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D.  occidentalis 2 9 22.2
D. variabilis 0 80 0

nd raccoons (3). D. occidentalis, D. variabilis and I. pacificus were
ollected by flagging (9, 80 and 61, respectively).

Twenty of the 52 (39%) C. felis collected from domestic dogs and
 (9%) of the 78 fleas collected from bobcats, including at least one of
ach flea species that was identified, were positive for Rickettsia spp.
NA by RT-PCR, but none of the 81 Pulex spp. collected from gray

oxes were PCR-positive (Table 2). CT values from RT-PCR between
. felis (mean CT: 25.75) and non-C. felis fleas (mean CT: 36.22) were
ignificantly different (X2 = 9.408, p = 0.002), which shows that C.
elis contained more Rickettsia spp. DNA than non-C. felis fleas. Two
f the 9 (22%) D. occidentalis and 14 of the 312 (4%) D. variabilis,
nd 11 of the 12 pools (prevalence: 34.7%; 95% CI: 19.5–65.5%) of I.
acificus collected by flagging were PCR-positive for Rickettsia spp.
he phi coefficients for correlation between flea or tick PCR-status
nd host sero-status were −0.04 and 0.07, respectively.

.3. Sequencing and species identification

Sequencing of the 17 kDa gene from flea DNA samples resulted
n ten sequences from C. felis collected from domestic dogs, and
wo from C. inaequalis,  two from O. dentatus, and one from O. casca-
ensis collected from bobcats. Sequences were either 368 (n = 6) or
85 (n = 9) nucleotides in length depending on PCR protocol used
Table 1) and were genetically invariant. All sequences were 100%
Please cite this article in press as: Stephenson, N., et al., Diversity o
Tick-borne Dis. (2017), http://dx.doi.org/10.1016/j.ttbdis.2017.02.014

dentical to R. felis strain California 2 (GenBank Acc# CP000053)
Ogata et al., 2005).

Sequencing of the ompA gene from ticks resulted in 12 sequences
rom D. variabilis, one from a D. occidentalis and four from I. pacifi-

ig. 1. Nucleotide differences between reference ompA sequence of R. montanensis (CP00
icks  collected from wildlife, domestic animals and by flagging in Humboldt County, Ca
here  no differences occur and the number of bases abbreviated is shown in brackets. G

nd  five from black bears. Genotype B was detected in four D. variabilis, two  collected fro
etected  in a D. occidentalis collected by flagging.
 PRESS
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cus. Sequencing failed on two amplicons obtained from D. variabilis
and one from a D. occidentalis. All sequences from I. pacificus were
464 nucleotides in length and were identical to each other and to
an unpublished sequence in GenBank of an I. pacificus endosym-
biont (Acc# GU047354). Eight of the sequences from D. variabilis
(three collected from domestic dogs and five from black bears)
were 472 nucleotides in length, were identical (Genotype A), and
showed a 98% nucleotide-sequence identity to Rickettsia montanen-
sis str. OSU 85–930 (Acc# CP003340) on BLAST analysis. Four of the
sequences from D. variabilis (two collected from black bears, one
from a domestic dog, and one from a gray fox) were 466 nucleotides
in length, were identical (Genotype B) and BLAST analysis of the
sequence showed a 99% nucleotide sequence identity to R. rhipi-
cephali strain HJ#5 (Acc# CP013133). The sequence from the D.
occidentalis collected by flagging was 470 nucleotides (Genotype
C) in length and BLAST analysis of the sequence showed a 99%
nucleotide sequence identity to R. rhipicephali strain HJ#5 (Acc#
CP013133). Nucleotide differences from reference sequences are
shown in Fig. 1. Unique sequences were submitted to GenBank
(Acc# KX449323-30).

4. Discussion

In this study, we documented that people, dogs, cats, gray foxes,
and bobcats are exposed to rickettsiae based on the presence of
antibodies to R. rickettsii. Examination of arthropod vectors led
to successful identification of multiple Rickettsia spp., including
zoonotic pathogens in human-biting vectors. DNA from the human
pathogen R. felis was  commonly present in C. felis collected from
domestic dogs. C. felis is a human-biting flea commonly found on
dogs and cats and is a biological vector of this pathogen. R. monta-
nensis and R. rhipicephali, both species of unknown pathogenicity,
were detected in Dermacentor spp. ticks collected from domestic
dogs, black bears, a gray fox, and by flagging.

In addition to species of unknown pathogenicity, a Rickettsia spp.
endosymbiont was  detected in I. pacificus collected by flagging. The
role of this endosymbiont not fully understood though studies sug-
gest that it may  be beneficial for the tick by providing de novo folate
biosynthesis (Hunter et al., 2015; Kurlovs et al., 2014). I. pacificus
is known to feed on humans (Furman and Loomis, 1984; Spencer,
1963) and is the main vector of Lyme disease and human gran-
ulocytic anaplasmosis in the western US (Foley et al., 2004; Lane
et al., 2005; Peavey et al., 2000). Endosymbiotic species may  ben-
efit the vector or compete within the vector with other tick-borne
pathogens (Hotopp et al., 2006; Macaluso et al., 2002). It is unknown
at this time what role this endosymbiont plays in this system.

Both R. rhipicephali and R. montanensis fall within the SFG (which
includes R. rickettsii, the causative agent of Rocky Mountain spot-
f rickettsiae in a rural community in northern California. Ticks

ted fever) and are closely related to one another (Merhej and
Raoult, 2011). R. rhipicephali was first isolated from Rhipicephalus
sanguineus but has also been detected in D. occidentalis, D. ander-
soni and D. variabilis in the United States (Wikswo et al., 2008).

3340) and R. rhipicephali (CP013133) from GenBank and sequences obtained from
lifornia. Matching bases are shown as dots. Sequences are abbreviated in sections
enotype A was detected in eight D. variabilis; three collected from domestic dogs
m black bears, one from a domestic dog, and one from a gray fox. Genotype C was

dx.doi.org/10.1016/j.ttbdis.2017.02.014
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hile there has been no evidence of R. rhipicephali causing dis-
ase in humans, experimental infection in meadow voles caused
oderately severe disease (Burgdorfer et al., 1975). R. montanen-

is is present in Dermacentor spp. across North America and there
re no confirmed cases of human disease caused by this SFG rick-
ttsia. However, recently an afebrile child with a rash-associated
isease developed R. montanensis-reactive antibodies after being
itten by a D. variabilis tick that tested positive for R. montanen-
is DNA by PCR (McQuiston et al., 2012). In addition to potential
athogenicity, these species could theoretically “immunize” mam-
al  host species against more pathogenic SFG species by causing

he production of cross-protective antibodies (Fairlie-Clarke et al.,
009). Additionally, Macaluso et al. (2002) showed that infection
f D. variabilis ticks with R. rhipicephali or R. montanensis inhibited
he transovarial transmission of the second SFG rickettsia species.
owever, ticks are commonly found with mixed infections as well

Milhano et al., 2010; Nieto and Foley, 2009; Schicht et al., 2012),
herefore the dynamics of co-circulating Rickettsia spp. are unclear.

Flea-borne spotted fever (also called cat-flea typhus) is caused
y R. felis, and carried by several flea species, though it is most com-
only found in the cat flea, C. felis, which readily feeds on humans

Azad et al., 1997). Infection with R. felis is most commonly through
ea bites, which allow R. felis to enter the bloodstream and then

nfect endothelial cells where it replicates within the cytoplasm
nd causes generalized vasculitis (Raoult and Parola, 2007). Almost
0% of the C. felis collected from domestic dogs in this study were
T-PCR positive for Rickettsia spp. DNA and all ten samples that
ere sequenced were R. felis. Additionally, 3% of people, over 40%

f dogs and almost 80% of cats tested were seropositive for anti-
odies to R. rickettsii, which could represent reactivity of R. felis
ntibodies. The high proportion of infected fleas in this study that
re infesting domestic dogs suggests that R. felis may  be an impor-
ant public health concern in this community and that human cases
re potentially being mis- or under-diagnosed.

In addition to C. felis, R. felis DNA was present in three other flea
pecies collected from bobcats as well. CTs from RT-PCR for Rick-
ttsia spp. were lower in C. felis than non-C. felis fleas, indicating
here was significantly more R. felis DNA in C. felis than in other
ea species. Additionally, the phi coefficients revealed that there
as no correlation between vector PCR-status and host sero-status

or either ticks or fleas. Possible reasons for this finding include:
eropositive hosts were not acutely infected (or rickettsemic) at
he time they were fed on by vectors, some seropositive hosts
ould develop antibodies but not be competent hosts (i.e. not
evelop strong enough active infection to serve to infect a vector),
r seronegative hosts could be a source for infecting a vector if they
re acutely infected and had not yet developed antibodies.

In this study, our sampling of people, animals, and vectors was
ot standardized or random and therefore caution should be exer-
ised in externally generalizing the findings. As this was a pilot
tudy and we expected a low prevalence, we aimed to include peo-
le who had a high exposure to ticks through either occupation or
ecreation. We  were unable to use species-specific conjugates for
ur IFA serology, as they are not commercially available; as is com-
only done, we used the closest phylogenetically related domestic

pecies for which a conjugate was available. The effect of this, if
ny, would be to decrease the sensitivity of the assay.

Here we document the diversity of Rickettsia spp. found among
rthropod vectors, including those infesting domestic animals and
nown to feed on humans. Additionally, our serologic data show
hat both humans and domestic animals are exposed to these bacte-
ia. There are still many unanswered questions about the dynamics
Please cite this article in press as: Stephenson, N., et al., Diversity o
Tick-borne Dis. (2017), http://dx.doi.org/10.1016/j.ttbdis.2017.02.014

nd transmission cycles responsible for sylvatic maintenance of
hese microbes and their impact on humans and domestic animals.
his research is the first step in better understanding the epidemiol-
gy of these agents however more research is needed to understand
 PRESS
rne Diseases xxx (2017) xxx–xxx 5

within-host and vector interaction among these species and how
they may  play a role in spillover into humans and domestic animals.

Acknowledgements

We thank the UC Davis student chapter of the Humane Society
Veterinary Medical Association undergraduate volunteers of the
Foley lab, Green Diamond Resource Company, and the Hoopa Valley
Tribe. This study was supported by the UC Davis Center for Com-
panion Animal Health and the Center for Vector-borne Diseases.

References

Anderson, B.E., Tzianabos, T., 1989. Comparative sequence analysis of a
genus-common rickettsial antigen gene. J. Bacteriol. 171, 5199–5201.

Anstead, C.A., Chilton, N.B., 2013. A novel Rickettsia species detected in vole ticks
(Ixodes angustus) from western Canada. Appl. Environ. Microbiol. 79,
7583–7589.

Azad, A.F., Radulovic, S., Higgins, J.A., Noden, B., Troyer, J.M., 1997. Flea-borne
rickettsioses: ecologic considerations. Emerg. Infect. Dis. 3, 319.

Bakken, J.S., Folk, S.M., Paddock, C.D., Bloch, K.C., Krusell, A., Sexton, D.J.,
Buckingham, S.C., Marshall, G.S., Storch, G.A., Dasch, G.A., 2006. Diagnosis and
management of tickborne rickettsial diseases: Rocky Mountain spotted fever,
ehrlichioses, and anaplasmosis-United States. MMWR  Recomm. Rep. 55, 1–27.

Biggerstaff, B.J., 2009. PooledInfRate, Version 4.0: A Microsoft Office Excel Add-in
to  Compute Prevalence Estimates from Pooled Samples. Centers for Disease
Control and Prevention, Fort Collins, CO.

Brigham Young University; The College of Life Sciences 2012. Fleas of the World.
http://fleasoftheworld.byu.edu/Systematics/MolecularWork/Extractions.aspx,
(Accessed 06 January 2014).

Burgdorfer, W.,  Sexton, D., Gerloff, R., Anacker, R., Philip, R., Thomas, L., 1975.
Rhipicephalus sanguineus: vector of a new spotted fever group rickettsia in the
United States. Infect. Immun. 12, 205–210.

Fairlie-Clarke, K.J., Shuker, D.M., Graham, A.L., 2009. Why  do adaptive immune
responses cross-react? Evol. Appl. 2, 122–131.

Foley, J., Piovia-Scott, J., 2014. Vector biodiversity did not associate with tick-borne
pathogen prevalence in small mammal communities in northern and central
California. Ticks Tick Borne Dis. 5, 299–304.

Foley, J.E., Foley, P., Brown, R.N., Lane, R.S., Dumler, J.S., Madigan, J.E., 2004. Ecology
of Anaplasma phagocytophilum and Borrelia burgdorferi in the western United
States. J. Vector Ecol. 29, 41–50.

Furman, D.P., Loomis, E.C., 1984. The Ticks of California (Acari: Ixodida), Vol. 25.
University of California Press, Berkley, California (239 pp.).

Healthcare Workforce Development Division, 2010. HWDD 2010 Annual
Summary. http://www.oshpd.ca.gov/HWDD (Accessed 06 January 2016).

Hotopp, J., Lin, M., Madupu, R., Crabtree, J., Angiuoli, S.V., Eisen, J., Seshadri, R., Ren,
Q.,  Wu,  M.,  Utterback, T.R., 2006. Comparative genomics of emerging human
ehrlichiosis agents. PLoS Genet. 2, e21.

Hubbard, C.A., 1958. Fleas of Western North America. Hafner Publishing Co., New
York, New York (533pp.).

Hunter, D.J., Torkelson, J.L., Bodnar, J., Mortazavi, B., Laurent, T., Deason, J.,
Thephavongsa, K., Zhong, J., 2015. The Rickettsia endosymbiont of Ixodes
pacificus contains all the genes of de novo folate biosynthesis. PLoS One 10,
e0144552.

Kurlovs, A.H., Li, J., Cheng, D., Zhong, J., 2014. Ixodes pacificus ticks maintain
embryogenesis and egg hatching after antibiotic treatment of Rickettsia
endosymbiont. PLoS One 9, e104815.

Laaksonen-Craig, S., Goldman, G.E., McKillop, W.,  2003. Forestry, Forest Industry,
and Forest Products Consumption in California. University of California,
Division of Agriculture and Natural Resources Oakland, California (19 pp.).

Lane, R.S., Mun, J., Eisen, R.J., Eisen, L., 2005. Western gray squirrel (Rodentia:
Sciuridae): a primary reservoir host of Borrelia burgdorferi in Californian oak
woodlands? J. Med. Entomol. 42, 388–396.

Lewis, R.E., Lewis, J.H., Maser, C., 1988. The Fleas of the Pacific Northwest. Oregon
State University Press, Corvallis, Oregon (296 pp.).

Macaluso, K.R., Sonenshine, D.E., Ceraul, S.M., Azad, A.F., 2002. Rickettsial infection
in  Dermacentor variabilis (Acari: Ixodidae) inhibits transovarial transmission of
a  second Rickettsia. J. Med. Entomol. 39, 809–813.

McQuiston, J.H., Zemtsova, G., Perniciaro, J., Hutson, M., Singleton, J., Nicholson,
W.L., Levin, M.L., 2012. Afebrile spotted fever group Rickettsia infection after a
bite from a Dermacentor variabilis tick infected with Rickettsia montanensis.
Vector Borne Zoonotic Dis. 12, 1059–1061.

Merhej, V., Raoult, D., 2011. Rickettsial evolution in the light of comparative
genomics. Biol. Rev. 86, 379–405.

Milhano, N., de Carvalho, I.L., Alves, A.S., Arroube, S., Soares, J., Rodriguez, P.,
Carolino, M.,  Núncio, M.S., Piesman, J., de Sousa, R., 2010. Coinfections of
Rickettsia slovaca and Rickettsia helvetica with Borrelia lusitaniae in ticks
f rickettsiae in a rural community in northern California. Ticks

collected in a Safari Park, Portugal. Ticks Tick Borne Dis. 1, 172–177.
Nieto, N.C., Foley, J.E., 2009. Meta-analysis of coinfection and coexposure with

Borrelia burgdorferi and Anaplasma phagocytophilum in humans domestic
animals, wildlife, and Ixodes ricinus-complex ticks. Vector Borne Zoonotic Dis.
9,  93–102.

dx.doi.org/10.1016/j.ttbdis.2017.02.014
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0005
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0010
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0015
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0015
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0015
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0015
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0015
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0015
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0015
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0015
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0015
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0020
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0025
http://fleasoftheworld.byu.edu/Systematics/MolecularWork/Extractions.aspx
http://fleasoftheworld.byu.edu/Systematics/MolecularWork/Extractions.aspx
http://fleasoftheworld.byu.edu/Systematics/MolecularWork/Extractions.aspx
http://fleasoftheworld.byu.edu/Systematics/MolecularWork/Extractions.aspx
http://fleasoftheworld.byu.edu/Systematics/MolecularWork/Extractions.aspx
http://fleasoftheworld.byu.edu/Systematics/MolecularWork/Extractions.aspx
http://fleasoftheworld.byu.edu/Systematics/MolecularWork/Extractions.aspx
http://fleasoftheworld.byu.edu/Systematics/MolecularWork/Extractions.aspx
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0035
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0040
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0040
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0040
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0040
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0040
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0040
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0040
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0040
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0040
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0040
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0040
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0040
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0045
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0050
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0055
http://www.oshpd.ca.gov/HWDD
http://www.oshpd.ca.gov/HWDD
http://www.oshpd.ca.gov/HWDD
http://www.oshpd.ca.gov/HWDD
http://www.oshpd.ca.gov/HWDD
http://www.oshpd.ca.gov/HWDD
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0065
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0065
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0065
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0065
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0065
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0065
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0065
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0065
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0065
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0065
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0065
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0070
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0075
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0080
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0085
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0090
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0095
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0100
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0105
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0110
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0115
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0120


 ING Model
T

6 ick-bo

O

P

P

P

P

R
R

S

S

ARTICLETBDIS-801; No. of Pages 6

 N. Stephenson et al. / Ticks and T

gata, H., Renesto, P., Audic, S., Robert, C., Blanc, G., Fournier, P.-E., Parinello, H.,
Claverie, J.-M., Raoult, D., 2005. The genome sequence of Rickettsia felis
identifies the first putative conjugative plasmid in an obligate intracellular
parasite. PLoS Biol. 3, e248.

addock, C.D., Finley, R.W., Wright, C.S., Robinson, H.N., Schrodt, B.J., Lane, C.C.,
Ekenna, O., Blass, M.A., Tamminga, C.L., Ohl, C.A., 2008. Rickettsia parkeri
rickettsiosis and its clinical distinction from Rocky Mountain spotted fever.
Clin. Infect. Dis. 47, 1188–1196.

almer, G.H., Azad, A.F., 2012. Intracellular Pathogens II: Rickettsiales, Vol. 2.
American Society for Microbiology Press, Washington DC (443 pp.).

arola, P., Paddock, C.D., Raoult, D., 2005. Tick-borne rickettsioses around the
world: emerging diseases challenging old concepts. Clin. Microbiol. Rev. 18,
719–756.

eavey, C., Lane, R., Damrow, T., 2000. Vector competence of Ixodes angustus (Acari:
Ixodidae) for Borrelia burgdorferi sensu stricto. Exp. Appl. Acarol. 24, 77–84.

aoult, D., Parola, P., 2007. Rickettsial Diseases. CRC Press New York, New York.
egnery, R.L., Spruill, C.L., Plikaytis, B., 1991. Genotypic identification of rickettsiae

and estimation of intraspecies sequence divergence for portions of two
rickettsial genes. J. Bacteriol. 173, 1576–1589.

chicht, S., Schnieder, T., Strube, C., 2012. Rickettsia spp. and coinfections with
other pathogenic microorganisms in hard ticks from northern Germany. J.
Please cite this article in press as: Stephenson, N., et al., Diversity o
Tick-borne Dis. (2017), http://dx.doi.org/10.1016/j.ttbdis.2017.02.014

Med. Entomol. 49, 766–771.
hapiro, M.R., Fritz, C.L., Tait, K., Paddock, C.D., Nicholson, W.L., Abramowicz, K.F.,

Karpathy, S.E., Dasch, G.A., Sumner, J.W., Adem, P.V., 2010. Rickettsia 364D: a
newly recognized cause of eschar-associated illness in California. Clin. Infect.
Dis. 50, 541.
 PRESS
rne Diseases xxx (2017) xxx–xxx

Spencer, G.J., 1963. Attacks on humans by Ixodes angustus Neumann, the coast
squirrel tick, and I. soricis Gregson, the shrew tick. J. Entomol. Soc. B.C. 60, 40.

Stark, H.E., 1958. The Siphonaptera of Utah; Their Taxonomy, Distribution,
HostRelations, and Medical Importance. US Department of Health, Education,
and  Welfare, Atlanta, Georgia (239 pp.).

Stenos, J., Graves, S.R., Unsworth, N.B., 2005. A highly sensitive and specific
real-time PCR assay for the detection of spotted fever and typhus group
rickettsiae. Am.  J. Trop. Med. Hyg. 73, 1083–1085.

Tzianabos, T., Anderson, B.E., McDade, J.E., 1989. Detection of Rickettsia rickettsii
DNA in clinical specimens by using polymerase chain reaction technology. J.
Clin. Microbiol. 27, 2866–2868.

United States Census Bureau, 2010. 2010 Census, Current Population Reports.
VanArsdale, J.L., Barry, J.J., 2008. Humboldt County Selected Findings from the

Rural Health Information Survey, 2006: Access to Health Care and Food
Security. Humboldt State University: California Center for Rural Policy, pp. 128.

Webb, J.J., Bennett, S., Challet, G., 1990a. The larval ticks of the genus Ixodes
Latreille (Acari: Ixodidae) of California. Bull. Soc. Vector Ecol. 15, 73–124.

Webb, L., Carl, M.,  Malloy, D.C., Dasch, G.A., Azad, A.F., 1990b. Detection of murine
typhus infection in fleas by using the polymerase chain reaction. J. Clin.
Microbiol. 28, 530–534.

Wikswo, M.E., Hu, R., Dasch, G.A., Krueger, L., Arugay, A., Jones, K., Hess, B., Bennett,
f rickettsiae in a rural community in northern California. Ticks

S.,  Kramer, V., Eremeeva, M.E., 2008. Detection and identification of spotted
fever group rickettsiae in Dermacentor species from southern California. J. Med.
Entomol. 45, 509–516.

Wilson, E.B., 1927. Probable inference, the law of succession, and statistical
inference. J. Am.  Stat. Assoc. 22, 209–212.

dx.doi.org/10.1016/j.ttbdis.2017.02.014
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0125
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0130
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0135
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0140
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0145
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0150
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0150
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0150
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0150
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0150
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0150
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0150
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0150
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0155
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0160
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0165
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0170
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0175
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0180
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0185
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0195
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0200
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0205
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0210
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215
http://refhub.elsevier.com/S1877-959X(17)30110-3/sbref0215

	Diversity of rickettsiae in a rural community in northern California
	1 Introduction
	2 Methods
	2.1 Study area
	2.2 Participant recruitment and sampling
	2.3 Blood DNA extraction and real time-PCR
	2.4 Serology
	2.5 Ectoparasite identification, DNA extraction, and real-time PCR
	2.6 Conventional PCR and sequencing
	2.7 Sequence analysis and statistical methods

	3 Results
	3.1 Vertebrate assay results
	3.2 Ectoparasites
	3.3 Sequencing and species identification

	4 Discussion
	Acknowledgements
	References


